Two- and Three-Dimensional Examination of the Stomach (Virtual Gastroscopy): Technical Note  by Yen, Peggy P.W. & Stevenson, Giles
Canadian Association of Radiologists Journal 61 (2010) 41e43
www.carjonline.orgAbdominal Imaging / Imagerie abdominale
Two- and Three-Dimensional Examination of the Stomach
(Virtual Gastroscopy): Technical Note
Peggy P. W. Yen, BSca,*, Giles Stevenson, FRCP(C)b
aSchool of Medicine, University of British Columbia, Terrace, British Columbia, Canada
bDepartment of Radiology, Prince Rupert, British Columbia, CanadaKey Words: Computed tomography (CT); Stomach, CT; Stomach, disease; CT gastrographyEndoscopy of the stomach is performed so routinely and
with acceptable results that there are few requests for detailed
radiologic examination, predominantly after bariatric or hiatus
hernia surgery. Nevertheless, computed tomographic (CT)
examination with 3-dimensional (3D) virtual gastroscopymay
provide additional and complementary information useful in
therapeutic decision making, and it also offers an alternative
gastric examination for patients in whom conventional
endoscopy is not straightforward.
Abdominal CT is usually performed without gastric
distention. However, double-contrast barium meals and
enemas, enteroclysis, CTof the colon, and CTenterography of
the small intestine have all shown that distention of the
alimentary tract is critical for demonstration of mucosal
pathology. Horton and Fishman [1] suggested the use of water
for gastric distention. Springer et al [2] obtained the best results
with air contrast but found 3D spatial resolution to be limited
by computer performance and software constraints at that
time. More recently, with the advent of rapid 3D applications,
some investigators have evaluated CT 3D gastric imaging,
with and without 2-dimensional (2D) imaging, and described
promising results for characterizing advanced gastric cancer
[3], gastrointestinal stromal tumours (GIST) [4], andmoderate
results for early gastric cancer [4e6]. In this technical note, we
present one approach to 3D CT examination of the stomach.
Materials and Methods
In conducting a CT examination of the stomach, several
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doi:10.1016/j.carj.2009.10.008visualization, including the degree of gastric distention, what
patient positions to use, and whether and how to use intra-
venous contrast.Basic TechniqueThe patient lies supine on the CT table with the intrave-
nous needle in place and attached to the contrast injector.
The patient is then instructed to sit up to swallow 2 doses of
the standard granules used for double-contrast barium meal
studies (usually sodium bicarbonate and tartaric acid) with
10 mL water, then to immediately lie down again and
perform a rapid 360 degree leftward rotation, ending again
supine.
The scout image is taken before hyoscine butylbromide
20 mg is administered to eliminate peristalsis. Contrast is
injected at 3 mL/s, and the upper abdomen is scanned at 60
seconds in the portal venous phase by using parameters
similar to CT colonography, with slice acquisition at 0.625e
0.5 mm thickness and reconstruction at 1-mm intervals.
The patient is then turned 180 degrees, and prone images
are obtained. The images are sent to the 3D workstation. The
first set of images is acquired at standard KVp and mAs (120/
90), and the second set may be acquired with a reduced dose
of 25e75 mAs, as often practiced with virtual colonography
[7].Variables
1. Gastric distention
When the stomach is empty, normal folds may conceal
tumours, and prominent rugal folds can even mimic lesions
[8]. Gastric distention, therefore, is essential, and the 2
standard doses of gas granules that are routinely used forll rights reserved.
Figure 1. Computed tomographic study conducted after a routine biopsy of
an endoscopically benign ulcer revealed malignancy. The 3-dimensional
image shows an elevated lesion, with depressed center and long bridging
folds (black arrow), suggesting small but advanced carcinoma. The 2-
dimensional image confirms loss of the adjacent fat line with transmural
spread. Other slices showed enlarged lymph nodes, which were confirmed to
be metastatic disseminations at wedge resection of the tumour.
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adjustments to distention are not possible with this CT
technique, but, occasionally, further granules are required
for some patients, such as those with hiatus hernia who are
unable to retain the gas.
2. Patient position
Two views are required to image both ends of the stomach
in optimal distention and free of fluid. Images obtained in the
LPO position yield the best distention and the least retention
of residual fluid in the lower part of the stomach when
compared with supine positions [9]. If duodenal visualization
is sought, then the supine left posterior oblique (LPO)
projection may be superior to the supine. When a lesion at
the gastric cardia is being evaluated, the prone right anterior
oblique (RAO) position may be superior to the prone
position.
3. Intravenous contrast use and timing
Only one view can be obtained with optimal contrast
enhancement. As a routine, the supine images are obtained
first, but, when known or suspected pathology is in the
proximal stomach, the prone images should be obtained first
to optimize contrast enhancement in the area of interest.
Intravenous contrast enhances conspicuity of most gastric
pathology, and scanning at the portal venous phase maxi-
mizes its value for demonstration of lymph node and liver
metastases. Occasionally, if gastric surgery is being planned,
then earlier scanning in the arterial phase may be helpful for
arterial anatomy.
Discussion
Centers with CT colonography software and workstations
can obtain high-quality images of the distended stomach for
combined 2D and 3D evaluation (Figure 1). The 3D images
allow reproduction of the endoscopic view from any refer-
ence point, with no blind areas, and can show all features
visible on gastroscopy except colour change and firmness.
The 2D images allow assessment of wall and lesion thick-
ness, depth of invasion and infiltration, tissue density with
Hounsfield unit numbers, evaluation of exophytic compo-
nents, lymph node involvement, and pathology in neigh-
bouring organs. Advanced gastric cancers can reliably be
detected [3], but some early gastric cancers will escape
detection [4e6], especially the rare IIb lesions and some IIc
lesions. 3D CT gastrography has recently been shown to be
as accurate as optical endoscopy in differentiating benign
from malignant gastric ulcers [10].
Standard helical CT has been compared with endoscopic
ultrasonography (EUS) for staging of gastric tumours, and
there is no significant difference in accuracy when the 2
modalities were compared with histologic staging of invasion
depth and regional lymph node metastasis [11], both having
some difficulty differentiating T2 from T3 tumours. An
argument can be made that CT can replace EUS for staging
for gastric cancer, because there is no significant differencefor T and N staging, and CT is superior for assessment of
distant metastases. In addition, gastric lymphoma, GISTs,
gastric neuroendocrine tumours, or metastases from other
sites are all better evaluated with helical CT than with EUS
[12]. There are no published data on whether 3D CT gas-
trography has additional benefit in staging over routine
helical CT.
In our patients, 3D CT gastrography of the leiomyoma
that showed the origin from the muscle layer led to a deci-
sion for surgical wedge resection rather than endoscopic
resection (Figure 2), and CT of the small cancer showed the
visual appearance of a small advanced tumour, whereas the
2D image showed adjacent lymph node metastasis. EUS
could have provided much of this information but was not
available at either of the hospitals concerned. In general, 3D
CT gastrography will be more widely available than EUS for
the near future.
CT colonography is increasingly being used as a diag-
nostic test and will shortly be routine in Canadian hospitals,
we suggest that the role of combined 2D and 3D CT gas-
trography be explored further. It may prove to be a useful
component of preoperative workup for some gastric lesions
and offer supplementary information on lesion morphology,
location, size, and proximity to or involvement with other
abdominal organs. In directed problems, it is justifiable to
perform both the supine and prone scans, and, when the
known lesion is in the proximal stomach, perhaps only the
prone images will be acquired. It may also be useful to
include scans with patients in both supine and prone
Figure 2. Discovery of a submucosal lesion on endoscopy initially led to
consideration of endoscopic resection with saline solution elevation.
However, subsequent Computed tomography showed no exophytic compo-
nent of the tumour (white arrow) and instead had extension into the serosa,
rendering endoscopic resection inappropriate. Wedge resection of the
gastrointestinal stromal tumour was eventually performed.
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is a strong clinical suspicion of gastric or duodenal
pathology. This could include patients having CT who have
dyspepsia, anaemia, epigastric pain, previous known
gastroduodenal pathology, portal hypertension, and metas-
tases with unknown primary, and patients with abnormal but
incompletely evaluated endoscopic lesions. However,
because of the radiation involved with a second scan, radi-
ologists may prefer to use only the supine series in such
patients. In this case, the addition of gas granules, intrave-
nous Buscopan, selection of an LPO position, and appro-
priate scanning parameters (collimation at 0.625 or 0.5 mm,
a reconstruction interval of 1 mm) will be required to move
from a standard CT abdomen study to one that evaluates the
stomach and/or duodenum more fully.
Although a wide variety of gastric abnormalities will be
depicted with extensive use of this technique, not all patientsrequire follow-up endoscopy. For example, small hyper-
plastic polyps are common in the elderly population. The use
of CT virtual gastroscopy will bring to light a great deal of
gastric pathology that is currently routinely overlooked at
abdominal CT; will provide additional information to endo-
scopists, especially in guiding surgical therapy; and may
have a role as a gastroduodenal lesion screening tool for
symptomatic patients with relative contraindications to
endoscopy, ultimately providing a more comprehensive
abdominal study than a barium meal.
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